Abstract: Novel microprous beads with the particle size of about 0.6-1.1 mm were prepared for the first time, from methylmethacrylate (MMA), ethyleneglycol dimethacrylate (EGDM), triethoxyvinylsilane (TEVS) and triphenylvinylsilane (TPVS) by suspension polymerization technique. In this study toluene was used as solvent. The swelling measurement results indicate that increasing silicone concentration increases the amount of pores and porosity percent, the weight swelling ratio, and particle sizes, but it has been observed that the apparent density decreases in the case of TEVS, and not in the case of TPVS. Also it has been demonstrated that the volume swelling ratio is independent of TEVS and increases by increasing TPVS concentration. The resulting copolymer beads were characterized by using swelling studies and Fourier transform infrared spectroscopy (FTIR). The morphology of copolymer beads were also investigated by scanning electron microscopy (SEM) and optical microscopy (OM).
Introduction
The synthesis of organic polymers with siloxanes under chemical conditions has been used for the preparation of porous materials [1, 2] . This has been done mainly by using sol-gel process or copolymerization of vinyl monomers with vinylsilanes [3] . The TEVS or TPVS can react with acrylic monomers via double bonds present in both monomers. Generally, when the silane compounds contribute into the structure of polymers, these materials have shown attractive properties such as high permeability, high chemical and mechanical stability, and excellent thermal shock resistance [4, 5] . According to the above mentioned properties, these polymeric materials (gel beads), can be used for absorbents, chromatography, catalysis, sensors, thermal insulators, and composite materials [3] [4] [5] . Also they are commonly used as the basis for ion exchange resins, and enzyme immobilization [6, 7] . Such applications frequently require large particle surface areas, which necessitates the formation of pores (of the required dimensions) in the bead structure. The copolymer beads in the size range 1 µm-1 mm are produced by suspension polymerization [8] . Porosity in the copolymer beads may be created by the inclusion of an inert organic liquid (diluent) to the monomer phase, during the copolymerization process [9] [10] [11] . A number of studies have been performed concerning the effects of variations of concentration and type of the diluent on the synthesized copolymer beads [12] [13] [14] [15] . In this work copolymer beads based on methyl methacrylate (MMA), ethylene glycol dimethacrylate (EGDM), triethoxyvinylsilane (TEVS) and triphenylvinylsilane (TPVS) were prepared in toluene as the diluent, using the suspension polymerization technique. In the synthesized copolymers the concentration and the type of the diluent is maintained constant but the concentration of TEVS and TPVS are varied.
The remarkable results of the scanning electron microscopy and the swelling measurements show that the porosity of the copolymers increases with increasing silicone concentration. Bead diameter measurements show that the average diameter of the synthesized copolymer beads is in the range of 2-10 nm and the increment of silicone has no significant effect on the bead diameters. The characteristics of the copolymer beads, like porosity and sorbent ability are dependent on the reaction conditions of polymerization such as silicone concentration. This communication is concerned with an investigation of changes in the porous properties of silicone containing MMA-EGDM copolymers. For this purpose, a set of porous silicone containing MMA-EGDM copolymer beads were prepared under identical conditions. The change in the maximum and stable porosities was observed by measuring the apparent densities of the samples in the presence of silane compounds. Swelling of the copolymers in toluene was also measured by the centrifugation method.
Results and discussion
The initial volume fraction of the monomers in the organic phase was taken to be constant at 3 molL -1 throughout the present study and only the silicones concentrations were varied. Figures 1A and 1B show the pore size distribution curves of MMA-EGDM copolymers formed in the presence of TEVS and TPVS, respectively. For the sake of clarity, only three curves for each series are illustrated in the Figures. The results indicate that increasing silicone content increases the amount of pores. The pore volume reaches 0.6 and 1.1 mL/g with TEVS and TPVS as the silicones, respectively. Thus, TPVS as a silane compound induces higher porosities than TEVS. Figures 1A and 1B also show that TEVS produces pores of radii 2-10 nm. However, in the presence of TPVS, large pores with a broad size distribution in the range 10-1000 nm were obtained. 
FTIR analysis
The structure of the copolymer beads was determined by FTIR spectroscopy. Figure  2 shows the FTIR spectra of (A) MMA, EGDM, (B) MMA, EGDM, TEVS, and (C) MMA, EGDM, TPVS copolymers, respectively. Bands in the region of (2990-2850 cm -1 ) indicate C-H stretching of the -CH 2 -bridges in PMMA network. The characteristic bands due to Si-ph (1460-1435 cm -1 ) and Si-OCH 3 (1110-1000 and 900-600 cm -1 ) of siloxane units, and the nonhydrogen bonded carbonyl bands of acrylate groups ( 1730 cm -1 ) in the spectra of PMMA are assigned to TPVS and TEVS containing PMMA gels. 
Porosity formation
There are three main parameters for the preparation of a porous copolymer [16, 20] .
(1) the crosslinking agent concentration in the monomer mixture, (2) the volume of the diluent, and (3) the type of the diluent.
In this study, all of the above mentioned parameters were kept constant, whereas the silicone type TEVS and TPVS and concentration were varied at a given monomer concentration. The composition of the starting monomer mixtures are listed in Table  1 .
Although copolymer beads based on MMA and EGDM has been well established, [21] [22] [23] [24] , their copolymerization in presence of TEVS, and TPVS has not been reported. Therefore, the roles of these monomers are not perfectly clear. It is possible that during copolymerization process these monomers will make part of the copolymer chain. However, the extents of their incorporation in the polymer chain were not measured. As seen in Figure 3 , the weight swelling ratio q w increases with polymerization. On the other hand these silane compounds have the same vinyl groups, but their other substituents are different. For this reason the steric hindrance and electronic influences of these groups are not the same and therefore the reactivity of the corresponding silane groups in MMA-EGDM copolymer beads does not show the same effect. In TPVS the phenyl groups are sterically hindered and increase the bulkiness around the center of the reactions. On the other hand, phenyl is an electron withdrawing group and therefore destabilizes the reaction. The overall effect of phenyl groups is to decrease the rate of reactions. In the case of TEVS, the alkoxy groups are electron donating and can stabilize the intermediate in the reactions, consequently the rate of reaction increases. According to these comments; it is possible to mention that these differences can be the main reason of different effects of these two silane compounds on the porous structure. It must be pointed out that the porosity data shown in the Figure 4 (A) and (B) was calculated from the apparent density of the samples using equation 1. The density of homogeneous MMA-EGDM copolymers was assumed to be 1.20 g/cm 3 . However, due to the variable composition of the MMA-EGDM copolymers, the true porosity values may somewhat differ from those given in Figure 4 (A) and (B). But, as only the apparent density values within each silicone type's concentration are compared, deviation from the true density does not affect the results about the porosity formation and the pore stability.
Morphologies of polymer beads
The effect of the type of the silicone on the network structure can be seen in the SEM micrographs in Figure 5 silicones, respectively. According to these micrographs, the network structure formed with TPVS consists of agglomerates of different sizes. However, pores with less than 100 nm dominate the surface structure of polymers formed with TEVS. Also porosity percent increases by increasing both silicone concentrations. The SEM micrographs of Figures 7-8 were repeated two more times and again the same results were obtained as seen in the literature [2, 3, 25, 26] . On the other hand, the silicone has
affected only the surface of beads, whereas their original shapes will stay as spherical. By increasing the silicone concentration, one can observe a larger number of porosities and it is not possible to see the spherical external layer of beads. The XRD spectroscopy was also used to determine the morphology of polymer beads but these spectra did not provide enough and useful information to interpret the effects of silanes on the surface of polymer beads. On the other hand, according to Figure 8 , the TPVS has created a larger number of porosities compared with TEVS and according to our experiences; it is enough to show a difference between two silanes though not sufficient. Figure 7 (A-D) shows the optical micrographies of poly MMA gel beads with 0.00, 0.05, 0.15 and 0.25 molL -1 TEVS at room temperature after an extraction with acetone. It can be seen that gel beads have a spherical shape and by increasing silicone concentration the spherical shape has been protected. It is worth mentioning that the copolymer beads containing TEVS or TPVS are perfectly spherical and the varieties of silicone types and the concentration do not change their geometrical features. 
Optical microscopy features

Conclusions
The copolymer beads were synthesized using MMA/EGDM with TEVS or TPVS in toluene solvent. Swelling measurements showed that the porosity of the synthesized copolymers increases on increasing the silicone concentration. SEM images also confirm these observations. Therefore, TEVS or TPVS is introduced as a new reagent which is able to enhance the porosity patterns of the porous copolymer networks.
Experimental
Materials
The monomers, methyl methacrylate (MMA, Merck, Hohenbrunn, Germany), and ethylene glycol dimethacrylate (EGDM, Aldrich, Gillingham, UK), were washed with
10% aqueous potassium hydroxide to remove inhibitor, followed by several washings with deionized water. After drying successively with anhydrous sodium sulphate and 4 A o (40 nm) molecular sieves, they were then distilled under reduced pressure. The middle fractions were then collected.
Triphenylvinylsilane (TPVS, Aldrich, Milwaukee wis USA), and TEVS, (Merck Hohenbrunn, Germany), were analytical grade and used directly without further purification. The initiator, dibenzoyl peroxide (Merck, Hohenbrunn, Germany), was recrystallized three times from absolute methanol, followed by drying in a vacuum oven at room temperature. Toluene (Merck, Hohenbrunn, Germany), was distilled twice over sodium. Water was distilled and deionized.
Polymerization Procedure
The silicone containing MMA, EGDM copolymer beads were obtained by the suspension polymerization method. Dibenzoyl peroxide as the initiator (1 wt% in relation to the monomers) was dissolved in the selected monomers -diluent and TEVS or TPVS mixture of 40 ml volume and this was then added to a solution of NaCl (0.8g), poly (vinyl alcohol) (0.16 g), and starch (0.14 g) in 200 ml water at 80 °C and 500 rpm. The reaction was allowed to proceed for 5 h under nitrogen atmosphere. After polymerization, the copolymer beads of 0.6-1.1 mm in diameter were washed with water, extracted with acetone for 24 h, and finally dried in vacuum at 60 °C. Measurements showed that the pores in all of the networks are stable, i.e. they do not collapse on drying in the swollen state.
Methods
The apparent density of the copolymer beads, d o , was determined by the mercury pycnometric method [27, 28] . Porosity, p%, was calculated from d o as
(1)
where d 2 is the density of homogeneous Si-MMA-EGDM copolymers. The value of d 2 for all the copolymer samples was taken as 1.20 g/cm 3 , which is the density of homogeneous MMA-EGDM copolymers. The swelling measurements were carried out in toluene at room temperature. To reach the equilibrium degree of swelling, the weight swelling ratio q w was determined by immersing the copolymer beads in toluene for one week. They were then weighed in the swollen state and finally dried under vacuum to constant weight. q w was calculated as the ratio of the weights of the gel in the swollen state and the dry state [17] . The equilibrium volume swelling ratio of copolymers, q v, was determined by measuring the diameter of the beads, with an optical microscope (Leitz Dialux 20) [18, 19] using calibrated granules, both before and after swelling the samples in a large excess of solvent for one week. q v was calculated as
where D and D 0 are the swollen and initial diameters of the beads, respectively.
The apparent volume swelling ratio, q v,a was determined by placing the copolymer beads in a graduated cylinder and reading the volume. An excess of a solvent was then added, and the volume was read at the swelling equilibrium. q v,a was calculated as q v,a = final volume / initial volume (4)
Pore volume and pore size distribution were determined by mercury intrusion porosimetry on a Micromeritic AutoPore 9220 porosimeter. Cumulative pore volume (V p ) were estimated from the intruded mercury volumes and the distribution function ∆V / ∆Log r was used to express the pore size distribution, where ∆V is the pore volume change when the radius of a cylindrical pore was changed from r to r-∆r.
Instruments
Fourier-Transform Infrared (FTIR) spectroscopy analysis was performed with a Nicolet Impact 400D Model spectrophotometer (Nicolet Impact, Madison, USA) using KBr pellets. The spectra were obtained over the wave number range 500-4000 cm -1 at a resolution of 2 cm -1 using an MCT detector with co-addition of 64 Scans. Scanning electron micrographs were taken on a JEOL-JXA 840 A SEM (JEOL, Boston, USA). The specimens were prepared for SEM by freeze-fracturing in liquid nitrogen and the application of gold coating of approximately 300 A o with an Edwards S 150 B sputter coater.
